INTRODUCTION
Research and development activities in nearly all engineering disciplines remain highly dependent upon access to high-quality major experimental facilities. The gas turbine field is certainly no exception to this rule, owing to the many complex processes encountered at both component and systems levels. It can be worthwhile to explore the possibility of allowing access to already existing facilities by users outside the host institution, especially for the case of university-based research where proprietary issues are normally less of a concern. Here the philosophy is to enhance the utilization of otherwise latent resources, to ensure that such resources are maintained, and to encourage synergy effects between two or more international research teams.
During the past decade the European Commission (EC) has supported the joint utilization of existing major experimental facilities within a broad range of engineering and scientific disciplines. The EC currently funds two projects -SUSPOWER and ENGAS -that encompass significant existing experimental facilities in the gas turbine field. This paper contains information related to these projects and a brief overview of related EC-funded programs. Selected results from recent project activities will be presented, along with reflections on the successes and hindrances encountered to date. The intended audience includes researchers interested in learning more about European research infrastructures in turbomachinery and EC mobility programs, along with educators who view such opportunities as important elements of researcher training.
EC-FUNDED RESEARCH PROGRAMS
Every five years the European Commission launches new framework R&D programs in response to broader decisions made by European Union (EU) member-states. The overriding objectives of the 6 th Framework Program (FP6), stretching from 2002-2006 and with a budget of 1700 MEuro, are 'strengthening the scientific and technological bases of industry and encourage its international competitiveness while promoting research activities in support of other EU policies' [1] . Two main Thematic Areas are of main concern for the gas turbine community: Aeronautics and Space (1200 MEuro); and Sustainable Development, Global Change and Ecosystems (2300 MEuro including 890 MEuro for sustainable energy systems). Other broad areas include Structuring the European Research Area (2800 MEuro), which includes the Research Infrastructures (715 MEuro) activity. The EC describes this activity as follows [2] :
'The ability of Europe's research teams to remain at the forefront of all fields of science and technology depends on their being supported by state-of-the-art infrastructures. The term "research infrastructures" refers to facilities and resources that provide essential services to the research community in both academic and/or industrial domains. Research infrastructures may be "single-sited" (single resource at a single location), "distributed" (a network of distributed resources, including infrastructures based on Grid-type architectures), or "virtual" (the service being provided electronically).
Examples include singular large-scale research installations, collections, special habitats, libraries, data-bases, integrated arrays of small research installations, highcapacity/high-speed communications networks, networks of computing facilities, as well as infrastructural centres of competence which provide a service for the wider research community based on an assembly of techniques and know-how.
The overall objective of this activity is to promote the development of a fabric of research infrastructures of the highest quality and performance in Europe, and their optimum use on a European scale based on the needs expressed by the research community.'
The Research Infrastructures Activity is subsequently comprised of various programs, most notably Transnational Access in the present context. In short the Transnational Access Program provides support to a single host institution in order to accommodate visits from European researchers (individuals or teams) located outside the host country. Typically such facilities are composed of well-established installations that have been employed for major experimental campaigns, and are accompanied by track records of significant research contributions and extensive international ties. Support provided via the Transnational Access Program can be seen as an enhancement to current activities; under this program EC financing represents no more than 15% in additional yearly turnover for each participant. Currently there are 14 funded facilities under this program. Three have energy relevance and two, SUSPOWER and ENGAS, include gas turbine technology. (Projects supported in the other FP6 programs do not have particular relevance to the energy engineering field.) Previous framework programs have featured a few projects of interest to the gas turbine community. As shown in Table 1 , most of the facilities are linked to combustion or aerodynamics. University of Wales Cardiff, IFRF, and ENEL are also part of the EUROFLAM consortium [3] , which includes training programs for young engineers and researchers.
Project funding with the Transnational Access Program covers the majority of costs related to equipment operation and maintenance, consumables, and staff support. Guest researcher travel expenses (excluding salaries) are also covered. Both SUSPOWER and ENGAS each receive around 250 kEuro per year in support for their activities related specifically to transnational access. (Note that this figure excludes normal research activities, and neither project subcontracts within this initiative).
OVERVIEW OF SUSPOWER
SUSPOWER features experimental facilities in the broad topic of sustainable thermal power generation and is supported by a staff of around 70 research and support personnel. Facilities are located in two 400 m 2 laboratory buildings at KTH's main campus have been grouped within the following three installations: Innovative Combustion; Gasification; and Gas Turbine Technology. More details can be found in Within the SUSPOWER project each visit begins by first submitting a proposal, which is then reviewed by the Users Selection Panel (comprised of three representatives from KTH and three international experts external to the project). Criteria include the novelty and impact of the proposed research, relevant education and/or research experience, dissemination plan, and existence of similar facilities in home country. Detailed planning and preparation commences once the project is approved. Each user is required to submit a final report, and additional publications (journal articles, conference contributions) are highly encouraged. The project homepage 1 is the primary information resource for potential users and others interested in the project. Short project descriptions will also be included in future updates of the CompEdu platform [4] . A total of 510 experimental days will be offered to external users for the 36 month period, and each visit is expected to encompass 15 experimental days.
One visit has been completed since the project commenced in November 2004 (S. Kakietek, Institute of Power Engineering, Poland). This study investigated oxidation of biomass and refuse-derived fuels in the HTAG facility with low oxygen concentrations. A brief summary is presented below (see S. Kakietek [5] for more information):
The ignition delay, mass loss, NOx emissions, and concentration of CO, CO 2 and O 2 for three different temperatures (1000°C, 800°C and 600°C) and three oxygen concentrations (5, 10 and 21%) were obtained for pelletized fuel samples with reaction times ranging from 15 to 300 seconds. It was shown that the differences in O 2 concentrations do not have a significant influence on mass loss as the oxidizer temperature levels were raised. NO x emissions decreased as the concentration of O 2 was reduced, however an appreciable rise in nitric oxide levels was noticed when increasing the temperature of oxidizer from 800°C to 1000°C (approximately from 400 mg/Nm 3 to 1000 mg/Nm 3 for RDF pellets at 21% O2). This behavior is in agreement with general knowledge about NO x emissions. However this phenomenon is not observed for low concentration of O 2 , e.g. 10%. Here an increase in temperature from 800°C to 1000°C does not influence NO x levels. This finding represents indicates a major advantage in high-temperature operation.
Beyond this study, six projects are planned to commence in early to mid-2006: 
OVERVIEW OF ENGAS
Over the last 30 years NTNU and its technology transfer partner SINTEF have jointly developed a 38 million Euro research facility, consisting of 14 interlinked laboratories, where 600 people work towards cleaning up CO 2 , NO x , SO x , other greenhouse gases, and pollutants from the oil and gas production processes and their utilization in industry, buildings and transport. A secondary thrust has been to cross-link this research with the development of clean new renewable energy technologies. This large group of individual rare, and unique, equipment, located in a net 8000 m 2 site, is driven by a dual research imperative: 1) More efficient energy systems
2) The cleanest (environmentally sustainable) attainable energy systems Table 3 . More details about each laboratories infrastructure can be found in the section below and on the project homepage 2 . The research infrastructure facilities are clustered along the entire technology chain from energy source to end user, as illustrated in the ENGAS Laboratory Road Map (see Figure 1) .
In the area Gas storage and transportation research facilities are dedicated to elucidating the basic science and technology processes associated with making gas available for energy conversion through research on infrastructures purpose built for Multiphase Flow Technology analysis and Liquefied Gas technology. The Multiphase Flow Technology Laboratory has a 30-metre lab facility in NTNU complemented by a 1,000 metre two-phase flow and 200-metre three-phase flow reconfigurable facility off-site operated by SINTEF. The liquefied gas laboratory covers both liquid natural gas (LNG), liquid hydrogen (LH 2 ) and liquid carbon dioxide (LCO 2 ), and we have developed customized equipment and advanced computer codes to study thermodynamic and heat transfer properties of complex gas mixtures at low temperatures. We also have a new patented small scale LNG plant based on standard components from industrial refrigeration plants (compact heat exchangers and screw compressor) for novel research.
In the area Power production with CO 2 capture we operate a large group of strategic areas, like Combustion technology, including chemical looping; Process integration, including fuel cells, CO 2 absorption technology, Membrane technology (CO 2 selective membranes), and Ugelstad laboratory (surfactant chemistry). This means that both pre-combustion, postcombustion and oxy-fuel strategies may be studied. The Combustion Technology Laboratory includes test rigs for studying combustion of gas mixtures, equipment for testing low-NO x gas burners and a laser diagnostic laboratory for measurements in non-reacting and combustion flows.
In the area Efficient end use of electricity research facilities support the development of new refrigeration and heat pump technology based on natural working fluids, with greenhouse gas management as main priority (own patented process).
In the area Production, storage and transportation of hydrogen we have a range of advanced equipment for research on catalyst/reactor systems for conversion of hydrocarbons to liquid fuels and hydrogen; reforming technology; hydrogen production by water electrolysis (PEM Cell); technologies for applying different hydrogen carriers (ammonia, methanol); hydrogen storage in hydrides, carbon nanofibres or as liquid.
In the area Efficient end use of gas and hydrogen in transport sector a suite of equipment supports research on gas motor technology with high efficiency and low emissions; fuel cells driven by gas from biomass and waste; fuel cell technology based on natural gas and different hydrogen carriers; energy efficient air conditioning pilot plants that utilize CO 2 as a working fluid.
In the Renewable Energy section facilities are dedicated to the development of technology that may make renewable energy sources like biomass and solar energy economically available. Equipment required for research on gasification of biomass and waste material; high temperature membranes for hydrogen separation; and how to integrate gasifier and fuel cell is provided as well as for new processes for direct production of solar cell silicon.
In the area Storage, transportation and sequestration of CO 2 we handle storage and transportation by pipeline or ship (liquid CO 2 ); multiphase flow; process technology to avoid hydrate formation during injection, reservoir engineering and seismic to study and monitor CO 2 injection in oil reservoirs; rock mechanics to study storage of CO 2 in rock caverns, and technology related to study of sequestration of CO 2 in minerals.
By April (2005 April ( , 2006 April ( , 2007 . Besides background information about the group members and the installations to be used, the form contains a project description of maximum 2 pages, describing: aim of the project; methods to be used; expected results; collaboration with local scientists; and plans for publication. The applications will be assessed by a user selection panel composed of international experts in the field. The selection of proposals will be based on scientific merit, and priority will be given to users or user groups who do not have similar facilities in their home country and who have not used the ENGAS facilities previously.
Seven visits have been completed since the project started in April 2004.
REFLECTIONS ON PROGRESS TO DATE
Establishing selection criteria and administrative procedures for accommodating users at each site was found to be relatively straightforward. The existing EC-funded research infrastructures have served as excellent examples in this context, and both KTH and NTNU have previous experience in hosting guest researchers. Implementation of approved projects has also been trouble-free once scheduling issues have been resolved. A low proposal turnout has been the primary obstacle in the first year of operation despite information campaigns via well-established formal and informal contacts. Obviously more work needs to be done to utilize these and other resources to a fuller extent. For example the SUSPOWER team will offer a list of preliminary project proposals from year two onwards. Such information should help potential users to see how the facilities can be employed for new research, as the possibilities may not be obvious at first glance.
Measuring the impact of the completed visits is somewhat difficult at this time as both projects are in a start-up phase. Research quality is deemed to be relatively high; for example results from the first SUSPOWER visit were presented at an international symposium on high temperature air combustion and gasification [8] . Many past and upcoming projects are linked to researchers located in the new European-member states (e.g. Poland, Czech Republic). Access to this type of advanced equipment is usually more limited in these countries, so it is clear that these projects are positive in terms of resource utilization. Open research is emphasized with each visit, so the results will contribute to the gas turbine community both within and outside Europe. Inevitably new or stronger ties are made between collaborating institutions.
Even though the Transnational Access Program is not intended specifically for education or training purposes, there are side benefits in this area as well. Several colleagues have expressed an interest in involving their students in these projects as a way to enhance their research work. Experienced graduate students could certainly qualify for such a project. Of course students with little research experience may not be fully prepared to work in such a setting where knowledge of key experimental equipment and procedures is vital. In some cases this can be overcome by inviting the advising professor or other senior staff to work with the student first-hand. For instance this would allow young graduate students to participate in experimental work at an early stage in their careers, in particular for cases where relevant equipment is not available at the home institution. Beyond this both projects will likely have a positive impact on educational programs at both KTH and NTNU. Guest lectures can be arranged in conjunction with visits (both at undergraduate and graduate levels), not to mention the many benefits attained from informal contacts. As mentioned previously, user-visits will be cataloged in the CompEduHPT platform and will thus be available to a much broader audience.
CONCLUDING REMARKS
With the addition of SUSPOWER and ENGAS, access to a broad range of research infrastructures in the energy field has been improved significantly. A majority of the facilities featured in these projects have direct relevance to the gas turbine community, so research visits should have a positive influence in terms of advancing research and development. The work performed within the projects is also expected to shed light on the technologies' significance in future sustainable energy solutions. Hopefully EU support for research infrastructure programs will continue in the next framework program as their benefits are deemed to be substantial for all parties involved. Several rigs and test facilities are available for conducting research within liquefied gas technology (LNG and LH 2 ) and refrigeration and heat pumps using CO 2 as refrigerant (CFC-HFC-free technology).
S. Kakietek

Combustion Technology Lab
The laboratory provides opportunity to conduct both fundamental and practical combustion studies in small and large-scale facilities like boilers, furnaces and combustors. Several optical diagnostics (e.g. lasers) and advanced gas diagnostics techniques (e.g. FT-IR) are available.
Energy Process Technology Lab
The laboratory is equipped with several rigs and test facilities for doing research within thermal processes for energy conversion. The multi-fuel reactor is a small scale reactor designed for fundamental studies of pyrolysis, gasification and combustion of biomass and waste materials.
Gas Motor Technology Lab
The laboratory is equipped for product verification, testing and development for marine and land-based industries. Typical examples of work carried out include: large scale testing of gas engines (extensive auxiliary equipment available); advanced experimental studies of combustion process with different fuels.
Absorption Technology Lab
The laboratory has a substantial activity in the field of CO 2 (and also other acid gases) removal from exhaust gas, process gases and natural gas. Technologies associated with absorption of CO 2 into physical and chemical solvents using conventional absorption towers or new membrane contactors are studied both experimentally and with rigorous modeling tools. Develop technology to handle gas storage in rock caverns, utilizing equipment and models for rock stress measurements. The laboratory has equipment for doing measurements of mechanical and physical properties of rocks.
Membrane Process Laboratory
Mineral Technology Lab
Develop technology to handle mineral sequestration of CO 2 . The laboratory has comminution equipment and equipment for particle characterisation which are of particular interest in the context of CO 2 sequestration on minerals.
HelioSi Laboratory
Develop technology to reduce costs in production of silicon for solar cells, including Clean room laboratory for casting multi crystalline pure silicon by direct solidification; Equipment for cutting and slicing; Metallographic characterization of dislocation density, grain size and texture
Figure 1: ENGAS Laboratory Road Map
